By adding low-concentration antimony(III), production of streptolysin S in growing streptococci was arrested immediately, but cellular growth and production of extracellular nucleases were not particularly affected. Streptococci incubated with antimony(III) for 4 h still contained a significant amount of intracellular streptolysin S. Antimony(III) also blocked the toxin formation in the resting cells and this inhibition was counteracted by a sulfhydryl compound such as cysteine or dithiothreitol.
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MATERIALS AND METHODS
Antimony potassium tartrate and Congo red were purchased from Wako Pure Chemical Ind. Ltd., Osaka. AF (a guanylic acid-rich oligonucleotide fraction with potent carrier activity for SLS) was prepared by DEAE cellulose chromatography from the RNase I core of yeast RNA (5, 9) . Hemolytic streptococci (strain Sa) were cultured in peptone-meat infusion broth (designated for simplicity as broth) at 37`'C, without aeration, and their growth was followed by measuring turbidity at 660 nm, using a Bausch & Lomb Spectronic 20A spectrophotometer. For resting cell experiments, the bacteria were harvested, washed three times with chilled 0.15 M saline and incubated in BERNHEIMER's basal medium (BBM) (1) supplemented with AF. Assay of SLS and definition of hemolytic unit (HU) were as described previously (5, 9): 1 ml of diluted SLS sample was mixed with 1 ml of 3/ rabbiterythrocytes suspended in 0.15 M saline, and incubated at 37C for 60 min. After addition of 2 ml of chilled saline, the mixture was centrifuged and the hemoglobin released into the supernatant was determined by the optical density at 541 nm. One unit (HU) of the hemolytic activity was defined as the amount causing the lysis in 60 min of half of the erythrocytes present. Intracellular SLS (ICH-S) was extracted from frozen streptococci by grinding with quartz sand (5). Activities of DNase and RNase were determined by measuring the optical density at 260 nm of acidsolubilized nucleotide fraction, using calf thymus DNA and yeast RNA as the substrates (7). An increase in the optical density at 260 nm of 1.0 in 10 min, was defined as 1 unit of enzyme activity (7, 8) .
RESULTS

Inhibition of SLS production by antimony(IIJ)
Production of SLS in growing streptococci was severely inhibited by antimony(III). Thus, even 3 ,uM antimony potassium tartrate abolished SLS production, irrespective of the carrier species (Table 1) . But streptococcal growth was only slightly affected and substantial amounts of extracellular nucleases were produced in the presence of 15 to 30 µM antimony potassium tartrate. As shown in Fig. lA, SLS production was blocked immediately upon addition of the antimony) compound. However, neither hemolytic activity nor the stability of SLS was affected by antimony(III) (data not shown).
As observed previously (12), SLS formation in the resting cell system was also sensitive to the antimony) compound (Table 2) . And cellular capacity to produce SLS in BBM was completely lost in streptococci grown for 15 h in a broth containing 30 µM antimony potassium tartrate. The lost capacity was not restored by prolonged incubation (up to 4 h) in BBM containing AF. However, the yield of an extracellular nuclease in the resting cell system was only slightly reduced by antimony(III). Even cells grown for 15 h in the antimony-containing medium fully retained the capacity to produce the nuclease in BBM.
Reversal of inhibitory effect of antimony(II1) by sulf hydryl compounds
Inhibition of SLS production by antimony(III) was effectively antagonized by SH compounds. Adding 30 /IM antimony potassium tartrate reduced the SLS yield in the resting cell system to 3-4°c of the untreated control. Simultaneous addition of 5 to 10 mM cysteine or dithiothreitol abolished the inhibitory action of antimonyl compound (Table 3) . As described above, streptococci were deprived of their capacity to produce SLS in BBM by prolonged incubation in broth containing antimony(III). But adding cysteine to BBM restored streptococcal competence for the toxin production in the resting cell system. When hemolytic streptococci were grown for 15 h in broth containing antimony potassium tartrate and then transferred into fresh medium without the inhibitor, SLS synthesis resumed after a long Effect of antimony(III) on production of SLS and DNase in resting streptococci.
latent period. As illustrated in Fig. 1 B, the lag was markedly shortened addition of cysteine, although cellular growth was not significantly affected by the Effect of antimony(III) on intracellular streptolysin S Hemolytic streptococci contain an intracellular complex of SLS (ICH-S) which can be transferred in vitro to AF (6). The effect of antimony(III) on the content and activity of ICH-S, putative precursor of the exotoxin, was also studied (Table 4 ). In streptococci grown for 4 h in the presence of 30RM antimony potassium tartrate, the amount of ICH-S was about 27°c of that in the control culture. A significant, albeit small, amount of ICH-S was extracted even after 8 h incubation with antimony(III). Fig. 1 . Effect of antimony potassium tartrate on SLS production in growing streptococci. A: Cells grown in broth at 37°C for 15 h were collected, washed and suspended in fresh medium containing AF (2 0D260 units ml), and incubated at 37°C. At the times indicated by the arrows, the culture was divided into halves and antimony potassium tartrate (30µM) was added to one portion (•) but not to the other portion (0). B: Streptococci were grown at 37°C for 15 h in broth containing antimony potassium tartrate (30 µM). The bacteria were collected by centrifugation, washed and suspended in fresh broth containing AF. The suspension was divided into halves and cysteine (5 mM) was added to one portion (•). The other portion served as a control (a). Each mixture was incubated at 37°C and the turbidity of the culture and the amount of extracellular SLS were determined.
However, the intracellular toxin was undetectable in the streptococci grown for 15 h in the presence of antimonyl compound. Antimony (III) neither prevented in vitro transfer of ICH-S to AF nor inhibited the hemolytic activity of the intracellular toxin (unpublished observation). Effect of antimony(III) on intracellular streptolysin S (ICH-S).
centration that does not particularly affect streptococcal growth or yield of extracellular nucleases. This differential inhibition indicates involvement of a specific mechanism in production or excretion of SLS. On the other hand, the mechanism of the synthesis of SLS polypeptide per se is thought to be basically similar to that of conventional proteins (10). Upon addition of antimony(III), production of extracellular SLS is promptly arrested, whereas a significant amount of ICH-S is detectable even after 4 h of treatment. These results show that the secretory process of SLS is especially sensitive to antimony(III). At the present stage, however, the target step of antimony(III) action is difficult to assign and there is a possibility that the transport of SLS polypeptide (apotoxin) is coupled with its synthesis and maturation.
Transfer of the apotoxin to an exogenous carrier is probably insensitive to antimony(III), and the hemolytic activity of both extra-and intra-cellular SLS complexes is resistant. Inhibition of SLS production by the antimonyl compound is reversible and is overcome by cysteine or dithiothreitol. Even after growing overnight in the presence of antimony(III), the streptococci efficiently produced SLS in the resting cell system if cysteine was added. In the antimony(III)-treated cells, ICH-S did not accumulate increasingly, but despite its heat-instability, the putative SLS precursor was detectable for several hours. At least transport or processing of the apotoxin may require an enzyme or protein having essential cysteine residue(s). On the other hand, SLS polypeptide per se is deficient in cysteine (3).
